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研究成果の概要（英文）：The main cause of hepatic function disorders associated with obesity 
is considered to be non-alcoholic fatty liver disease (NAFLD). NAFLD develops because of 
lipid accumulation in the liver, and it is a chronic disease that can, in some cases, progress 
to non-alcoholic steatohepatitis (NASH) and liver cirrhosis. Other than dietary and 
exercise therapies, no effective treatment method for NAFLD has been established. Hybrid 
training of voluntary and electrical muscle contractions was developed to prevent muscle atrophy 
in astronauts spending long periods in space stations. In this study, we aimed to apply 
hybrid training as a form of exercise therapy for NAFLD patients. The training was 
continued for 6 months. The results revealed that hybrid training for the lower extremities in 
elderly subjects with NAFLD exerts an anti-obese effect as well as improves liver dysfunction and 
insulin resistance in association with an increase in the muscle strength and a decrease in the ectopic fat. 
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力（127.4 ± 10.3 vs. 149.1 ± 11.7；P < 0.01），
骨格筋細胞内脂肪（454.7 ± 49.1 vs. 378.9 ± 
39.9；P < 0.05），体組成では，体重（64.3 ± 
1.9 vs. 63.3 ± 1.9；P < 0.05），骨格筋量（20.9 
± 0.3 vs. 20.8 ± 0.3），体脂肪量（25.1 ± 1.6 vs. 
24.4 ± 1.7；P < 0.05），肝機能では，AST（45.7 
± 6.5 vs. 37.2 ± 5.3；P < 0.05），ALT（46.8 ± 
5.7 vs. 39.3 ± 4.9；P < 0.05），γ-GT（63.3 ± 
24.1 vs. 53.1 ± 21.5；P < 0.05），中性脂肪
（120.0 ± 16.4 vs. 112.5 ± 14.4），遊離脂肪酸
（0.85 ± 0.06 vs. 0.74 ± 0.06），糖代謝では，
空腹時血糖（138.9 ± 8.8 vs. 138.9 ± 13.7），
HbA1c（6.51 ± 0.26 vs. 6.56 ± 0.39），
HOMA-IR（4.08 ± 0.8 vs. 3.52 ± 0.5），アデ
イポカインでは，TNF-α（1.59 ± 0.28 vs. 1.41 
± 0.24），IL-6（2.44 ± 1.35 vs. 1.04 ± 0.25）、
レプチン（13.8 ± 1.5 vs. 12.9 ± 1.5），アディ
ポネクチン（9.17 ± 1.39 vs. 8.85 ± 1.30），炎
症マーカーでは，TBARS（8,03 ± 2.07 vs. 
8.21 ± 2.27），フェリチン（136.6 ± 23.6 vs. 
105.1 ± 17.0；P < 0.05），高感度 CRP（0.14 
± 0.03 vs. 0.11 ± 0.03），肝線維化マーカーで
は，ヒアルロン酸（58.7 ± 29.9 vs. 70.7 ± 
37.6），4型コラーゲン（184.4 ± 16.1 vs. 168.5 
± 10.9），NAFLD fibrosis score（-0.211 ± 0.30 
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